Introduction

42
Population size is a key demographic parameter that affects several ecological and evolutionary 43 processes including the rate of adaptation (Gerrish and Lenski, 1998 Thus, the resultant EoA is an interplay between these two opposing aspects of g and contrary to 85 the extant theoretical expectations Heffernan and Wahl, 2002) the harmonic mean size of LL was > 16,500 times larger than that of SL and SS (Table S1 ). LL 111 was bottlenecked 1/10 every 12 hours, SS was bottlenecked 1/10 4 every 24 hours, and SL was 112 bottlenecked 1/10 6 every 36 hours. 1 ml cryostocks belonging to each of the twenty four independently 113 evolving populations were stored periodically. 114
Fitness assays: To reconstruct the evolutionary trajectories of our experimental bacterial 115 populations, we measured bacterial growth using an automated multi-well plate reader (Synergy HT,
116
BIOTEK ® Winooski, VT, USA). Bacterial growth was measured in the same environment that the 117 populations experienced during evolution using OD at 600 nm as a proxy for population density. Bacteria 118 from the cryostocks belonging to each of the 24 populations were grown in 96 well plates. Each 119 cryostock-derived population was assayed in three measurement-replicate wells in a 96 well plate. Each 120 well contained 180 μl growth medium containing 1:10 4 diluted cryostock. The plate was incubated at 121 37ᴼC, and shaken continuously by the plate-reader throughout the growth assay. OD readings taken every 122 20 minutes during this incubation resulted in sigmoidal growth curves. Fitness measurements were done 123 using cryostocks belonging to multiple time-points in order to reconstruct evolutionary trajectories. While 124 making trajectories, it was made sure that every 96 well-plate contained populations belonging to similar 125 time-points (in terms of number of generations). We used the carrying capacity (K) and maximum were done using cryostocks belonging to multiple time-points in order to reconstruct evolutionary 132 trajectories. While making trajectories, it was made sure that every 96 well-plate contained populations 133 belonging to similar time-points (in terms of number of generations). 134 Statistics: Bacterial fitness was analyzed for each of the two growth parameters (K and R) using a nested-135 design ANOVA with population regimen-type (SS, SL or LL) as a fixed factor and replicate-line (1-8, 136
nested in population-type) as a random factor. We corrected for the error derived from multiple tests 137 using Holm-Šidàk correction Simulations also revealed that HM fails to explain and predict adaptive trajectories.
190
To obtain greater and generalizable insights into the various determinants of EoA trajectories, we adapt, then these three treatments were expected to show similar EoA 194 Wahl and Gerrish, 2001 ). This was not found to be the case for both K (Fig. 2a) and R (Fig. 2b) , 195 which was consistent with our experimental observations of EoA trends in SL and SS (Fig. 1) .
196
XX', SS', and SL' were also found to be remarkably different in terms of the adaptive increase 197 in average efficiency of individuals (Fig. S4a) . We also found that populations with similar 198 harmonic mean sizes could differ remarkably in terms of the frequency distributions of the 199 efficiency parameters amongst their constituent individuals (Fig. S5) . In order to elucidate why constant. The nature (sign) of this relationship between EoA and g was found to be robust to 220 changes in mutation rate over a 100-fold range in our simulations (Fig. S7 ). was also expected to arrive at very large-effect benefits that were so rare that the probability of 245 SM1 stumbling upon them was vanishingly low due to its lower mutational supply. As expected,
246
SM4 was not found to be limited by the supply of variation as it had a consistently higher within-247 population coefficient of variation in terms of efficiency values than SM1 (Fig. 4) . SM4 also had 248 a continual access to highly fit genotypes (Fig. 5a ) that were inaccessible to SM1 throughout the 249 simulations. On the basis of these observations, EoA can be expected to vary positively with g 250 and thus SM4 was expected to be fitter than SM1 at a given point of time in general. However,
251
counterintuitively, SM4 had a consistently lower EoA than SM1 (Fig. 4) . Evidently, harsher 252 periodic sampling impeded adaptation despite resulting in increased substrate for selection. We 253 also found that although higher census size allowed SM4 to arrive at extremely rare mutations
254
with very large benefits, these mutations failed to survive the harsh periodic bottlenecks by rising 255 to large enough frequencies (Fig. S8 ). This explains why arriving at these rare mutations with 256 very large benefits did not make SM4 adapt more than SM1 in a sustained manner. However,
257
this does not explain why the EoA in SM4 was consistently lower than that of SM1. The negative relationship between EoA and g can be explained in terms of efficiency of 268 selection.
269
EoA depends on an interplay between two factors: (I) generation of beneficial variation and (II) 270 an increase in the frequency of beneficial variants as an interaction between selection and drift.
271
The first depends upon the supply rate of beneficial mutations (Sniegowski and Gerrish, 2010 SM1 populations (as reflected by the string of zeros in SM1 (Fig. 5b) ), but failed to do so in all 283 SM4 populations. Moreover, the distance between the location of the modal class and the mean 284 class was much smaller in SM1 as compared to SM4 (Fig. 5c) . bottlenecks, which increases in intensity with increasing g due to decrease in the fraction of the 335 population being sampled. It has been predicted that the probability that a beneficial mutation of 336 a given size survives a bottleneck varies negatively with the harshness of sampling (i.e.,
337
increasing g) (Wahl et al., 2002 and EoA was found to have a negative relationship with g (Fig. 3) .
347
In order to explain this discrepancy, we simulated populations with similar values of N 0 (i.e., Populations with remarkably different beneficial mutations can show similar EoA.
387
We emphasize that N 0 /g can be a good predictor of mean adaptive trajectories (Fig. 6) but not 388 necessarily of the trait-distributions (Fig. S10) Table S1 . A summary of the experimental populations. x ≈ 10 5 in our experiments.
554
Our study design had eight biological replicates belonging to each one of the three population 555 regimens (24 independently evolving populations). Each population was assayed in triplicates for 556 measuring fitness using growth curves. This corresponded to 72 growth curves at a given point 557 during the selection timeline. We performed a mixed-model ANOVA at distinct time-points
558
(shown in Fig. 1 of Main-text) with population regimen as the fixed factor and replicate index 559 within a regimen as the random factor nested in the fixed factor. Since we didn't wish to given below). Similarly, the parameter for threshold is assigned as a random number picked from 582 a uniform distribution between 0.95*(Body_Proxy) and 1.05*(Body_Proxy).
583
Each bacterium has the same initial biomass (an arbitrarily small quantity, 10 units in this case).
584
Time is implicitly defined in our code and each iteration signifies one unit of time.
585
In each iteration, each bacterium "grows and divides" according to the following rules: The above description (italics) represents all the processes that happen within an iteration.
601
The process is repeated (and the population grows) until the following conditions are fulfilled: (sigmoidal curve) was taken to be the maximum growth rate (R).
615
Time series of carrying capacities and maximum growth rates are computed using the series of q 616 sigmoidal curves.
617
In each simulation used in this study, the carrying capacity of the first growth phase was ≈ The following simulation settings were used in our study: showed curves of diminishing returns while adapting whereas very small populations showed 629 stepwise increase in fitness with long periods of stasis (Fig. S2 ). This happens because very 630 small populations (but not large ones) need to wait for beneficial mutations to arise (Sniegowski 631 and Gerrish, 2010). Moreover, the extent of adaptation showed a positive but saturating 632 relationship with an unambiguous measure of absolute population size in our simulations (Fig. 633 S6a and S6b). The simulations also revealed a non-monotonous relationship between fitness and 634 mutation rate (Orr, 2000) (Fig. S7) . 
720
Threshold evolved so quickly that its adaptive decrease did not refelct the differnce observed in
721
EoA trjectories for K and R (Fig. 2 (Main text) ). XX': N 0 ≈ 3.6*10 3 , bottleneck ratio: 1/10; SS': 722 N 0 ≈ 1.8*10 3 , bottleneck ratio: 1/10 2 ; SL': N 0 ≈ 9*10 2 , bottleneck ratio: 1/10 4 .
723
Multiple measures of fitness in our study revealed that harmonic mean is not a good predictor of 
